We present the photometry and spectroscopy of SN 2015an, a Type II Supernova (SN) in IC 2367. The recombination phase of the SN lasts up to ∼120 d, with a decline rate of 1.24 mag/100d, higher than the typical SNe IIP. The SN exhibits bluer colours than most SNe II, indicating higher ejecta temperatures. The absolute V -band magnitude of SN 2015an at 50 d is −16.83±0.04 mag, pretty typical for SNe II. However, the 56 Ni mass yield, estimated from the tail V -band light curve to be 0.021±0.010 M , is comparatively low. The spectral properties of SN 2015an are atypical, with low Hα expansion velocity and presence of high velocity component of Hα at early phases. Moreover, the continuum exhibits excess blue flux up to ∼50 d, which is interpreted as a progenitor metallicity effect. The high velocity feature indicates ejecta-circumstellar material interaction at early phases. The semi-analytical modelling of the bolometric light curve yields a total ejected mass of ∼12 M , a pre-supernova radius of ∼388 R and explosion energy of ∼1.8 foe.
INTRODUCTION
The hydrogen-dominant class of supernovae (SNe) designated as SNe II, are the fate of the majority of massive stars ( 8 M ) which ensue from the gravitational collapse of the iron core in the red supergiant (RSG) stage (Smartt et al. 2009; Smartt 2015) . SNe II are characterized by the presence of Balmer lines in their early spectra (Minkowski 1941) , and those with abundant hydrogen either exhibit a plateau (P) or a linearly declining phase (L) in their light curve which lasts for about 100 days, before plummeting continuity in diversity. Despite the prominent dispersion in the observed properties of SNe II, which is apparent from the range of peak magnitudes (−14 MB −18; Patat et al. 1994) , plateau luminosities (−15 > MV > −18 ; Hamuy 2003) and ejecta velocities (1500 < v 50 ph < 9600 km s −1 ; Gutiérrez et al. 2017a ), a continuum in the properties has been noted (Anderson et al. 2014b; Sanders et al. 2015) . The progenitor and explosion properties, such as the radius of the progenitor, the mass of hydrogen envelope and the synthesized 56 Ni mass, most likely gives rise to the continuity. External factors, such as the presence of a dense circumstellar (CS) shell in proximity to the progenitor star at the time of explosion could also be responsible for the observed continuum in the properties of SNe II (Morozova et al. 2017) .
The spectra of SNe II exhibits broad P Cygni lines, which seems to disfavour the possibility of a major contribution of circumstellar interaction (CSI) of ejecta in powering these explosions, unlike SNe IIn, which are characterised by narrow emission lines of hydrogen. However, the interaction in SNe II can be hidden below the photosphere, and not be seen in narrow lines (e.g. iPTF14hls, Andrews & Smith 2018) , and still contribute to the luminosity. A contribution of interaction to the luminosity, with spectra bereft of narrow lines, is also possible for certain shallow wind density profiles (Moriya & Tominaga 2012) . The spectra of low-luminosity (−14 > M max V > −15.5) class of SNe II (e.g. SN 2005cs) exhibit weak absorption features superimposed on a dominant blue continuum lasting up to 30 d post explosion (Spiro et al. 2014) , owing to the underenergetic nature of the explosion. However, normal luminosity SNe showing weak absorption component (e.g. LSQ13fn, Polshaw et al. 2016 ) are most likely the terminal explosion of a sub-solar metallicity progenitor (Dessart et al. 2013) .
Despite the surge in the number of studies undertaken for individual as well as samples of SNe II, a number of issues remain inconclusive, such as the source of the observed diversity in their photometric and spectroscopic properties. Dust formation at late times and CSM forged in the latest stages of the evolution can considerably tweak the observed properties of the explosion. To enrich our understanding of the inhomogeneous class of SNe II, detailed studies of these events particularly the deviant objects are important.
In this paper, we present the photometric and spectroscopic analysis of a Type II SN, SN 2015an, discovered by Berto Monard (Bronberg Observatory) in the galaxy IC 2367 on 2015 September 13.15 UT (JD 2457278.65) at an unfiltered magnitude of 15.2 mag. The classification spectrum was procured by the Las Cumbres Observatory (LCO) Supernova Key Project on 2015 September 26.7 UT (Hosseinzadeh et al. 2015) , nearly two weeks from discovery, with the robotic FLOYDS instrument mounted on the Faulkes Telescope South (FTS). The spectrum exhibited a striking blue continuum and a significantly low Hα expansion velocity (∼ 5000 km s −1 ). The predominance of blue continuum in spectra up to two weeks past discovery is generally observed in low-luminosity SNe, however, the expansion velocity of Hα and the luminosity of SN 2015an are comparatively higher than the low-luminosity events (see Figs. 3 & 8) . This led to its classification as a peculiar SN II. The details of SN 2015an and its host galaxy IC 2367 are given in Table 1 .
The Virgo infall distance to the galaxy IC 2367 is 30.7 ± 0.7 Mpc, where we have used the recessional ve- locity of the galaxy vV ir = 2259 ± 3 km s −1 from HyperLeda (Makarov et al. 2014) and Hubble constant H0 = 73.48 ± 1.66 km s −1 Mpc −1 (Riess et al. 2018) . We used the expanding photosphere method (EPM) to estimate the distance to SN 2015an (details in Sect. 5), which yielded 29.8 ± 1.5 Mpc. The weighted mean of the two estimations is 30.5±0.6 Mpc, which we have adopted as distance to SN 2015an in this paper. EPM also estimates the explosion epoch to be 2457268.5 ± 1.6 d (2015 September 03 UT) which we will refer to as 0 d.
The Galactic reddening E(B−V)MW in the line of sight of IC 2367 is 0.0875 ± 0.0012 mag, obtained from the extinction dust maps of Schlafly & Finkbeiner (2011) . In our best resolution optical spectra, we do not detect the absorption features due to interstellar Na i D lines from the Galaxy. From a set of best SNR spectra, we constructed a composite spectrum following the prescription in Gall et al. (2015) to determine the limiting equivalent width (EW) of Na i D absorption feature at the redshift of the host galaxy. Gaussian profile of varying EWs were fitted to the Na i D absorption line in the stacked spectrum and plausibly a weak Na i D line with EW of 0.2Å could be discerned. This corresponds to a host galaxy reddening of <0.02 mag (using eqn (9) of Poznanski et al. 2012) . The weak Na i D feature indicates negligible reddening contribution from the host, which is in agreement with the remote location of the SN from the main body of its host galaxy. Consequently, we infer that the total reddening is arising only from the Galactic component, that is E(B − V)tot = 0.0875 ± 0.0012 mag and is used in the rest of our analysis.
The paper is structured as follows. Sect. 2 gives details of the data and reduction procedure. We investigate the photometric and spectroscopic properties of SN 2015an in Sect. 3 and Sect. 4, respectively. The distance derived using the expanding photosphere method is elaborated in Sect. 5. The modelling of the bolometric light curve using semi-analytic methods is discussed in Sect. 6. Finally, we examine the overall properties of SN 2015an in Sect. 7 and present a short summary of the paper in Sect. 8.
SN 2015AN: PHOTOMETRY AND SPECTROSCOPY
The photometric campaign of SN 2015an was triggered on the day of its discovery using instruments equipped with broadband BV RI and g r i z filters as listed in Table 2 . The photometric observations continued up to 261 d from explosion. The pre-processing of the images including bias and flat-field corrections were carried out in IRAF 1 environment and cosmic rays were cleaned using the l.a.cosmic routine (van Dokkum 2001). Owing to the remoteness of SN 2015an from its host galaxy nucleus (at a deprojected radial distance of 13.9 kpc), we performed the point spread function photometry using daophot ii (Stetson 1987) to derive the instrumental magnitudes. The LCO photometry was carried using lcogtsnpipe designed by Stefano Valenti (see details in Valenti et al. 2016 ). The instrumental magnitudes were calibrated using the standard magnitudes of 12 local standard stars in the SN field obtained from the AAVSO Photometric All-Sky Survey (APASS 2 ) catalog. The local standards are marked in Fig. 1 and their magnitudes are listed in Table 3 . The calibrated SN magnitudes, thus obtained, are listed in Table 4 . The spectroscopic observations of SN 2015an commenced with the acquisition of the classification spectrum, followed by 18 epochs of observations (observation log in Table 5) up to 158 d from explosion with the LCO telescopes. The FLOYDS spectrograph at the Faulkes Telescope North and South (FTN and FTS) gives a wavelength coverage of 1 IRAF stands for Image Reduction and Analysis Facility distributed by the National Optical Astronomy Observatories which is operated by the Association of Universities for research in Astronomy, Inc., under cooperative agreement with the National Science Foundation. 2 https://www.aavso.org/apass 3200-9000Å with a resolution ranging from 400-700. The 1D wavelength and flux calibrated spectra extraction were carried out using the floydsspec pipeline 3 . The calibrated spectra were scaled with a factor derived by matching the photometric and spectroscopic continuum flux, thereby correcting for the slit losses. Finally the spectra were corrected for the heliocentric redshift of the host galaxy.
LIGHT CURVE ANALYSIS
The early light curve (LC) of SN 2015an rises to a peak in the r and i bands, while the bluer bands are in the early cooling phase as shown in the top panel of Fig 2. The peak of the redder bands are estimated following the procedure in González-Gaitán et al. (2015) , where the peak is estimated by fitting a phenomenological function introduced by Bazin et al. (2009) to the LC (see eqn. 1 of the paper). The best fit of the functional form is shown in the inset of the top panel of Fig. 2 . The rise to maximum from explosion in the r and i bands are 16.6 ± 3.7 d and 25.2 ± 5.1 d respectively. The multi-band LC changes slope around 55 d since explosion, when the V r i LCs transits to the plateau phase, while Bg LCs are in a relatively steeper declining phase. The plateau lasts for around 120 d, followed by a sharp fall in brightness after which the SN enters the exponentially declining phase powered by the emission from the decay of 56 Co → 56 Fe.
We performed a linear fit to the V -band light curve to estimate the initial steeper decline (s1 = 0.78±0.02 mag/50 d) and the second shallower decline (s2 = 0.62±0.02 mag/50 d) before the light curve falls off from the plateau. An overall decline rate, s50V including both these regions (15 to 120 d) is also fitted. We used eqn 1 of Valenti et al. (2016) to derive other LC parameters such as the drop in magnitude from the plateau to the tail phase (a0), the (1990) Table 7 . The radioactive decay line assuming full trapping of photons is shown with a dashed line. The dash-dotted lines depicts the range of slopes of Type IIP and IIL SNe as presented in Faran et al. (2014) . The grey lines are the low-order legendre fits to the light curve of low-luminosity SNe (M V > −15.5 mag) from Anderson et al. (2014b) in the range of 1-2.6 mag as suggested for SNe II in Valenti et al. (2016) . In order to discern the position of SN 2015an in the SNe II diversity, a sample of events is assembled, to be used as reference and listed in nitude of SN 2015an with that of the reference sample and low-luminosity SNe (MV > −15.5 mag) from Anderson et al. (2014b) in Fig. 3 , and we see that SN 2015an stands among the brighter SNe II, with an absolute magnitude at 50 d, M 50 V = −16.83±0.04 mag, similar to SN 2017eaw. In Fig. 3 , the range of slopes possible for the sub-types IIP and IIL from the study of Faran et al. (2014) is shown with dash-dotted lines and it is clear that the LC of SN 2015an conforms to the IIL class.
The (B − V )0 colour evolution of SN 2015an is shown in Fig. 4 , along with the sample of 57 SNe II from de Jaeger et al. (2018) . The blue stars are the members of the subsample composed of events which are located far away from the host galaxy nuclei and exhibit inconspicuous Na i D absorption. For a comparison, we also plot the colours of LSQ13fn, which are at the bluer end. Clearly, SN 2015an falls on the bluer edge of the sample, displaying an evolution typical of SNe II. The (B − V )0 colour becomes redder rapidly at early times when the temperature drops quickly following a power law in time, until the commencement of the recombination phase at around 55 d. Since the temperature variation is not much apparent in the plateau phase, colour changes slowly in this phase.
The 56 Ni mass is estimated from the tail bolometric luminosity following Hamuy (2003) using the tail V -band magnitudes. The tail luminosity (Lt) obtained from the V-band magnitudes using the bolometric correction factor given in Hamuy (2003) x 2 x 4 Figure 5 . The spectral evolution of SN 2015an from 23.8 d to 158.4 d is shown. The spectra are corrected for redshift and Galactic extinction. The conspicuous blue continuum in the early spectra are fitted with a blackbody model to estimate the temperature during these phases. The absorption dips bluewards of the Hα profile are marked as 'A' and 'B'. (Thomas et al. 2011) fits. The emission peak of Hα is shifted by ∼ 1100 km s −1 in these phases. Two absortion dips on the blue side of the Hα absorption component is visible from the 23.8 d spectrum until 42.6 d and hardly detectable in the 60.6 d spectrum. Such features have been reported at both early and late photospheric epoch in a number of SNe II, and has been termed 'cachito' (Gutiérrez et al. 2017a) . In case of a non-evolving feature, the dip is interpreted to be high velocity (HV) component of Hα, which usually appears in the late photospheric phases and an evolving component is thought to be originating from Si ii λ6355, which typically appears in the early phases. However, rarely these two features have been observed at coeval epochs. For SN 2015an, the feature 'A' does not evolve with time, while the feature 'B' shows an evolving velocity similar to the metal lines (see Fig. 7 ), and hence we identify the feature 'A' as the HV component of Hα and the feature 'B' as Si ii λ6355. This is further confirmed by the syn++ models fitted to the 23.8 to 60.6 d spectra, where we used a constant HV component (∼8500 km s −1 ) in addition to the evolving normal velocity component, to reproduce the Hα absorption component. While the HV feature is apparent in Hα, it is inconspicuous in Hβ, which is possibly due to the low opacity of Hβ in the circumstellar wind (Chugai et al. 2007 ), producing rather a broadened absorption feature of Hβ. The velocity evolution of the discernible ions as measured from the shift in the absorption minima from the rest wavelength of these lines are shown in Fig. 7 , along with the feature identified as Si ii λ6355. The He i line detected in the two earliest spectra has the highest expansion velocity (∼ 6890 and 6250 km s −1 at 23.8 and 28.8 d, respectively) among the ions. The Hα and Hβ velocities are nearly similar up to 40 d, and higher than the velocities of the metal lines, suggesting its formation in the outer higher velocity layer of the ejecta. The remarkable characteristic of SN 2015an is, however, the low expansion velocity of H i (5250±260 km s −1 at 50 d) as compared to SNe II family (median Hα velocity at 50 d post-explosion: 7300 km s −1 , Gutiérrez et al. 2017a ) with a nearly flat evolution. evolution of the sample, except in the early phase (<30 d), where the velocity of Hβ falls on the lower limit of the mean velocity.
SPECTRAL ANALYSIS

Comparison with other SNe II
Velocity and temperature evolution
The temperature evolution of SN 2015an, obtained by performing blackbody fit to the SED constructed from photometric and spectroscopic fluxes, is shown in Fig. 9 . The grey points depicts the evolution of temperature of a collection of 29 SNe II from Faran et al. (2018) . Initially the temperature of SN 2015an (14600 K at 12.8 d) is higher than other SNe II at similar phases. The temperature of the sample at ∼13 d varies in the range of 6580 to 10840 K with a median temperature of ∼9000 K. Later than 40 d, when the SN enters the recombination phase, the temperature of SN 2015an is ∼7400 K still around 1000 K higher than the median temperature (∼6500 K) of the sample. The blue (B-V) colour and the excess blue flux in the early spectra corroborates with the high temperature of SN 2015an in the early phase.
Comparison of plateau spectra
SN 2015an displays some peculiar characteristics, in addition to the usual properties of SNe II, thereby necessitating the cognizance of the status of SN 2015an in the SNe II population before heading for the comparison with a sample of events. To this aim, we plotted the pseudo-equivalent widths (pEW) of the prominent lines vs Hα velocity at 50 d of SN 2015an along with a sample of 122 SNe II from Gutiérrez et al. (2017b) in Fig. 10 . This SN II sample exhibits a range of Hα expansion velocities (1500 < vHα < 9600 km s −1 ) and pEWs of lines, presumably linked to the diversity in the explosion energies, progenitor radius and metallicity of SNe II. As noted in Gutiérrez et al. (2017b) Ca II H&K  H 4340  Fe II 4629  H 4861  Fe II 4924  Fe II 5018  Fe II 5169  Sc II 5527  Na I D  Ba II 6142  Sc II 6245  Si II 6355  H 6563  O I 7770  Ca II 8662  Ca II weaker metal lines. The continuum of SN 2015an matches well with that of SN LSQ13fn and neither of them has a conspicuous Na i D line at this phase, as compared to the other SNe. The SNe displaying weaker metal lines has enhanced continuum flux bluewards of 5200Å, compared to SNe 2005cs and 2014G except SN 2009au. Dessart et al. (2014) suggested that the SN progenitor metallicity plays a crucial role in the evolution of metal lines in the photospheric phase in that the SNe with low progenitor metallicity exhibit weaker metal features. Dessart et al. (2013) simulated model spectra by evolving a 15 M ZAMS star up to the pre-SN stage at different metallicities (0.1, 0.4, 1.0, 2.0 Z ). Comparing the 42.6 d spectrum of SN 2015an with these models we found the best match with 0.4 Z model spectrum (pEW of Fe ii λ5018 in the 42.6 d spectrum of SN 2015an is 11.0Å and that of the model spectrum at 41.1 d is 10.6Å), which is overplotted on the spectrum of SN 2015an in the top panel of Fig. 12 . Moreover, using a sample of 119 host H ii regions Anderson et al. (2016) estimated the oxygen abundances and found a positive correlation between the host H ii region oxygen abundance and pEW of Fe ii λ5018. In the bottom panel of Fig. 12 , the time evolution of the mean pEW of Fe ii λ5018 of the sample of SNe II from Anderson et al. (2016) is shown along with its standard deviation (the black line and the shaded region), over which the thick solid lines are the time evolution of the pEW of Fe ii λ5018 in the different metallicity models of Dessart et al. (2013) . The pEW measurements of Fe ii λ5018 in the spectra of SN 2015an is shown with a dashed line which traces the evolution of the 0.4 Z model and is lower than the mean pEW of the sample.
DISTANCE
We implement the EPM to estimate the distance from early photometric and spectroscopic observations as outlined in Dastidar et al. (2018) . The EPM rests on the assumption that the ejecta is homologously expanding and radiating as a diluted blackbody. Thus, the colour temperature (Tc) and the angular radius (θ) were obtained by fitting diluted blackbody function to the spectral energy distribution constructed from the observed magnitudes, where the dilution factors were adopted from Dessart & Hillier (2005) . Moreover, the filter response function needs to be convolved with the model blackbody function, to eliminate its effect from the observed broadband magnitudes. The convolved function can be expressed as a function of Tc and the coefficients were adopted from Hamuy et al. (2001) . The photospheric velocities (v ph ) were estimated from the minima of the absorption profile of Hα in the first epoch (13.6 d from discovery) and Fe ii λ5169 in the rest of the epochs (up to ∼ 50 d from discovery). The distance and the time of explosion t0 can then be estimated from the slope and y-intercept, respectively, of the following expression:
The linear fit to the data is shown in Fig. 13 and the distance and explosion epoch estimates from the fit are 29.8 ± 1.5 Mpc and 2457268.5 ± 1.6 d (2015 September 03 UT), respectively.
SEMI-ANALYTICAL MODELLING OF THE BOLOMETRIC LIGHT CURVE
To generate the observed bolometric light curve, first the observed fluxes were corrected for distance and reddening using the values given in Table 1 . Then SED at different epochs was constructed encompassing the fluxes from the UV to the IR wavelengths. Due to the unavailability of UV and IR data, we extrapolated the SED constructed in the optical bands, approximating it as a blackbody, to the UV and IR bands, following the same prescription as used in the direct integration method in Lusk & Baron (2017) . At late phases, a linear extrapolation is performed in the UV regime. The decline rate of the radioactive tail in the bolometric light curve is found to be 0.0140 mag/d which is steeper than 0.0098 mag/d, indicating incomplete trapping of the γ-rays produced by the radioactive decay of 56 Co → 56 Fe. We used semi-analytical modelling of Nagy et al. (2014) ; Nagy & Vinkó (2016) to model the bolometric light curve of SN 2015an. To synthesize the fast initial decline and the late phase of SNe II, this model invokes a two component structure of ejecta, where a massive core is surrounded by a low mass envelope.
We used a constant density profile for the core and a power law density profile for the envelope. The opacity values for the core and the shell are kept fixed to the average opacity recommended for SNe IIP (κcore=0.2 cm 2 g −1 and κ shell =0.38 cm 2 g −1 , Nagy 2018). The estimated best fit parameters are the initial radius (2.7×10 13 cm∼388 R ), ejecta mass Mej (12 M ) and total energy (1.8 foe). Assuming the remnant mass to be 1.5-2.0 M , the minimum Figure 14 . The observed bolometric LC of SN 2015an and the best fit two component analytical model of Nagy & Vinkó (2016) . ) 3.0 × 10 5 1 × 10 10 Gamma-ray leakage ZAMS mass of the progenitor is 14 M . The best-fit model is over-plotted on the bolometric LC in Fig. 14 and the parameters for the core and the shell are listed in Table 8 . In the top panel of Fig. 15 , the total energy of SN 2015an (Etot = E kin +E th ) is plotted against the ejecta mass, along with that derived for other SNe using hydrodynamic modelling (Utrobin & Chugai 2013; Pumo et al. 2017 ) and SNEC models (Morozova et al. 2018) . SN 2015an falls in the trend of the positive correlation between the two parameters. In the bottom panel of Fig. 15 , the 56 Ni mass is plotted against Etot, where we find that compared to its energy, the 56 Ni mass yield should have been higher.
DISCUSSION
As discussed above, SN 2015an exhibits some peculiar features in addition to the regular properties of SNe II. The Hα expansion velocity of SN 2015an in the early phases is comparatively lower than other SNe II of similar luminosity. High velocity component of Hα is conspicuous at the early phases, which is not commonly observed in early SN II spectrum. Moreover, the persistence of the excess in flux bluewards of 5200Å up to ∼ 43 d, is also atypical of SNe II. We discuss below these properties of SN 2015an and its possible implications.
Collocation of SN 2015an in the SN II parameter space
In Fig. 16 , we use samples of SNe II from recent studies to discern the position of SN 2015an in the SN II diver- sity. The regression line for the literature sample, excluding SNe LSQ13fn and 2015an, is shown in grey, the shaded region gives the 3σ confidence interval for the regression coefficients and the dotted and dashed lines are the 1σ and 3σ prediction interval, respectively, for the regression model. The Pearson correlation parameters listed in the figure are also estimated using the literature samples.
In panel (a) of Fig. 16 , the expansion velocity of Fe ii λ5169 and absolute magnitude in the I-band of SN 2015an (obtained by converting the i-band magnitude to I-band magnitude using the transformation equation in Jordi et al. (2006) ) at 50 d are shown, along with that of SN LSQ13fn and using the sample of Nugent et al. (2006) and Polshaw et al. (2015) . SN LSQ13fn lies outside the 3σ prediction band, which implies that this event has a much lower expansion velocity as compared to its luminosity. SN 2015an, on the other hand, is fainter than SN LSQ13fn by ∼0.4 mag and with an expansion velocity higher by 600 km s −1 than SN LSQ13fn, manages to settle itself right over the 3σ prediction limit.
In Fig. (b) , the absolute magnitude in V -band at 50 d is plotted against the logarithm of 56 Ni mass for a sample of SNe from the literature (Hamuy 2003; Spiro et al. 2014; Valenti et al. 2016; Singh et al. 2018 ). Both SNe LSQ13fn and 2015an lies just outside the 1σ prediction limit but well within the 3σ prediction interval. Singh et al. (2018) . The shaded region shows the 3σ confidence interval, while the dotted and dashed line shows the 1 and 3σ prediction limits, respectively. For each panel, n is the number of events, r is the Pearson correlation coefficient, and P is the probability of detecting a correlation by chance.
In Fig. (c) , the photospheric velocity is plotted against the logarithm of 56 Ni mass for a sample of SNe (Hamuy 2003; Spiro et al. 2014; Singh et al. 2018) . In this case, we find both SNe LSQ13fn and 2015an lie within the 1σ prediction interval.
In Fig. (d) , the emission peak velocity offset of Hα at 30 d is plotted against the decline rate in the plateau phase (s2) using the sample from Anderson et al. (2014a) , where the faster declining SNe have higher offsets. This is expected as faster declining SNe has a steeper ejecta density structure, enhancing the occultation of the receding part of the ejecta, thereby shifting the emission peak to the bluer wavelengths. With a decline rate (s2) of 1.24±0.04 mag/100 d, the emission peak of Hα in SN 2015an has a velocity offset smaller by about 1000 km s −1 than the mean offset of the sample, possibly due to its low expansion velocity.
Thus, the normal luminosity of SN 2015an in conjunction with its lower expansion velocity and lower 56 Ni mass yield, suggests the existence of an external source boosting the luminosity of this event, most likely the interaction between the ejecta and CSM.
Early Circumstellar Interaction
For SN 2015an, we do not have any spectrum in the first three weeks after explosion. The first spectrum obtained on ∼23.8 d is dominated by blue continuum. Moreover, a notch bluewards of the Hα absorption feature is clearly discernible up to 42.6 d spectrum (Fig. 6) . This feature is identified as the high velocity feature (HV) of Hα at 8500 km s −1 considering its non-evolving nature and further substantiated in the syn++ modelling. The HV feature is attributed to the excitation of the outer recombined part of the ejecta with X-rays from the reverse shock as a result of the interaction of ejecta and circumstellar material (Chugai et al. 2007 ). SN 2015an also shows bluer colour and higher temperature, in comparison to a sample of SNe II at coeval epochs (Figs. 4, 9) , which also indicates an interaction of SN ejecta with a nearby CSM, converting the ejecta kinetic energy to thermal energy.
The HV feature, however, is not apparent in the early phase of most SNe II. The appearance of this feature in SN 2015an at early times may be attributed to the low expansion velocity of hydrogen. A low velocity ejecta will take longer time to cover the nearby CSM. Once the CSM is tra-versed by the ejecta, the HV feature is expected to diminish. It may again reappear as the ejecta becomes transparent, depending on the density of the CSM.
Low metallicity progenitor
The other remarkable feature of SN 2015an is the presence of weak metal lines in the photopheric phase, particularly Fe ii λλ5018,5169. Dessart et al. (2013) showed that metallicity plays a crucial role in metal line formation in SN spectra, during the recombination phase, when the photosphere essentially samples the outer H envelope, that is relatively less affected by mixing or nuclear burning. While the pEW of the H i line will be dependent on both the CSI and metallicity, as CSI will broaden the absorption component and shallow H i lines are expected to form from a higher metallicity ejecta, the metal lines will be solely affected by the metallicity of the progenitor. Moreover, the excess of flux bluewards of 5200Å in SN 2015an, in comparison to other SNe II (such as SNe 2005cs and 2014G) at coeval epochs, indicates a less efficient line blanketing in SN 2015an. These properties suggest a low-metallicity progenitor for SN 2015an. The progenitor metallicity can potentially affect the colour of SNe II as well. The sample study of host H ii region of SNe II to obtain metallicity estimates by Anderson et al. (2016) , suggests a strong correlation of the pEW of Fe ii λ5018 with metallicity. We found SN 2015an to match best with the 0.4 Z metallicity model of Dessart et al. (2013) . This indicates that SN 2015an possibly originated from a sub-solar metallicity progenitor. Furthermore, since metallicity gradients in galaxies are found to be radially decreasing outwards (Henry & Worthey 1999) , the location of SN 2015an at a deprojected radial distance of 13.9 kpc, suggests a lower metallicity environment for the progenitor of SN 2015an.
Finally, it is worth noting that some atypical features of SN 2015an, such as its higher photospheric temperature and persistence of blue spectrum later than usual, is related to the explosion time. Since we do not have early spectra of SN 2015an (obtained within two weeks of discovery), we could not impose strong pre-explosion constraints. If SN 2015an was discovered soon after explosion (than our adopted explosion epoch corresponding to 10 d before discovery), then the temperature and colour of SN 2015an would become more similar to normal SNe II. Nevertheless, a spectrum of SN II with a dominant blue continuum two weeks past discovery and normal luminosity in concurrence with low expansion velocity of Hα, as in case of SN 2015an, is unusual.
SUMMARY
In this paper, we present the photometric and spectroscopic analysis of SN 2015an in the galaxy IC 2367. The striking feature of SN 2015an is its low Hα expansion velocity in the early phases as compared to its brightness. The absolute magnitude of SN 2015an at 50 d is M 50 V = −16.83±0.04 mag, which places this event among the brighter SNe II. The slope of the V -band light curve in the first 50 d is 0.78±0.02 mag, which is steeper than the slowly declining SNe II. The colour evolution of SN 2015an follows the same trend as SNe II family, however, this event is bluer in comparison to the rest of the sample. The Ni mass derived from the tail luminosity is 0.021±0.010 M .
The spectra of SN 2015an is apparently similar to the SNe II population with prominent H i P Cygni profiles, however the metal lines are comparatively weaker and the blue continuum lasts longer than typical SNe II. High velocity features have also been identified in the early spectra of SN 2015an, suggesting a possible role of CSI. The temperature derived from the photometric and spectroscopic SEDs is relatively higher than SNe II in the early phases, implying the conversion of the kinetic energy of ejecta to thermal energy in the ejecta-CSM interaction. The weak metal lines and the blue continuum is possibly associated with the metallicity of the progenitor, as sub-solar metallicity progenitor produces weaker metal lines (Dessart et al. 2013) .
We used the expanding photosphere method and derived a distance of 29.8±1.5 Mpc to SN 2015an, which is in accord with the Virgo infall distance. The explosion parameters derived from the best fit semi-analytic model generated using the prescription of Nagy & Vinkó (2016) to the bolometric light curve yielded a total ejecta mass of ∼12 M , a total explosion energy of 1.8 foe and an initial radius of 388 R . The estimated initial radius is small as compared to other RSGs, and hence SN 2015an was expected to show faster cooling with a rapid transition from the early cooling phase to the plateau phase and a redder continuum. We infer that the combined effect of ejecta-circumstellar interaction and a low-metallicity progenitor is giving rise to the peculiar properties of SN 2015an. Furthermore, it becomes apparent that CSI is not only important for Type IIn or some IIL, but also low-velocity SNe II may have some interaction.
